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PALLET RACK IMPACT PROTECTOR 
Field of the Invention 

The present invention relates to an impact protection device for a racldng 
installation. 

Background to the Invention 

The logistics of bulk storage and transport of goods and materials require 
an effective and efficient use of storage space. Known pallet racking offers the 
ability to store items using ever increasing capacities of vertical space up to the 
height and depth of the racks own dimensions. Adjustable pallet racking (APR) is 
the most common type of pallet racking system in use throughout the worid. APR 
is a skeletal system of vertical, diagonal and horizontal interconnecting steel 
members. APR installations are usually constructed with a one pallet deep run of 
racking on either side of an operating aisle. If tiie racks can only be accessed 
from one side only by Mechanical handling equipment (MHE) then this is called a 
single entry run. If the racks can be accessed from both sides then this is called 
a double entry run. 

Refemng to Fig. 1 herein, known racking 100 consists usually of two major 
components, upright frames and beams. Upright frames 101 are assembled 
using pairs of continuously peri'orated uprights 102,103 connected by bracing 
members 104.105 with bolted, riveted or welded joints- 
Upright frames are interconnected by beams 106,107 in pairs to fonm a row 
of bays as shown in Fig 2 herein. Pairs of beams 200,201 are spaced apart 
vertically in each bay at a number of levels to provide locations for the pallet or 
unit loads. Each pair of beams at each level can carry one, two or more unit 
loads depending on its length and strength. The strengOi, stiffness and stability 
of the racking is provided by tiie upright frames and their connections 202 to the 



wo 2005/103369 



Page 4 of 56 



WO 2005/103389 PCT/GB2005/00 1493 

concrete floor slab both of which must be maintained within the manufacturers 
operating parameters in order to be safe. 

In general, pallet racking is ananged to maximize the usage of available 
storage space, which means that the aisle spacing b^een adjacent runs of 
pallet racking is kept to a minimum consistent with achieving access to the 
racking for loading or unloading of the racking. By the very nature of its designed 
task, a mechanical handling equipment (MHE), such as a fork lift truck, must 
operate and manoeuvre within very close proximity to pallet racking equipment in 
order to transit, store and retrieve unit loads between and within the racks 
structure respectively. During these operations, there is a likelihood that 
destructive dynamic impact forces between the moving MHE and the pallet 
racking may occur. 

Damaged racking uprights have specific tolerances within which they must 
operate in order for them to be used safely. The upright and bracing sections of 
a racking frame are designed for t)earing a vertical load. Lateral impacts can 
have severe safety and financial loss potential. The recommendations given in 
the Storage Equipment Manufacturer's Association (S.E.M.A) Code of Practice is 
considered within the storage industry as the safe minimum standard with which 
to measure the safe condition of racking. These recommendations include: 

• 'For an upright bent in a lateral direction from its front, a vertical concave 
dent exceeding 5mm over a 1000mm plane of measurement is 
considered dangerous and should be decommissioned and replaced.' 

• 'For an upright bent in the plane of the frame bracing, a vertical dent 
exceeding 3mm over a 1000mm plane of measurement is considered 
dangerous and should be decommissioned and replaced.' 

• 'For an upright which has been damaged such that there is a 
simultaneous bend in both longitudinal and lateral directions the left or 
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right and front to back deformation shall be measured separately.... and 
the appropriate limits observed'. 

Although dominated by vision, operating an MHE is a highly cognitive task. 
It usually occurs in a visually cluttered environment, requires the simultaneous 
use of central and peripheral vision and involves relatively complex MHE-control 
activities. Whilst functional differences between the central and peripheral visual 
fields are well documented, the linkage between the two is less understood. In a 
typical test of the visual field, the operator fixates on the point where the raised 
palletised load is situated. Thus, a standard visual test cannot predict how 
efRcientiy an operator can use peripheral visual information in complex tasks 
such as operating MHE. Peripheral retinal sensitivity, under photopic and 
mesopic (artificial) lighting conditions, (such as is found in a typical warehouse 
environment) is considerably reduced compared to the central retina. This 
means, that for an object to be seen peripherally it would need to be of higher 
intensity than if it was to be detected centrally. This can easily be attributed to 
the distribution characteristics of the human photoreceptors (rods and cones) on 
the retina. It has been shown that peripheral retinal sensitivity may be impeded 
as the amount of information tfie subject is required to process mentally is 
increased. This visual field 'narrowing' applies to tiie warehouse environment 
and other tasks, such as the simultaneous controlling of speed and direction of 
the MHE and its load, navigating with aisle signs and using in-MHE information 
systems. 

As a consequence, important visual stimuli in the periphery of a persons 
vision may remain undetected when cognitively demanding tasks involving 
central vision are being performed. Thus, tiie proximity of the MHE to the 
vulnerable lower sections of an upright section is difficult to monitor in a manner 
that is reasonably practicable and the risk of impacts occurring increases. 
Invariably, such damage has direct costs to an organisation's resources. 
Warehouse maintenance may absorb an average of only five per cent of total 
warehouse costs but any neglect of the issues can have cost consequences far 
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beyond that fraction. Damage to racking incurs both direct costs (e.g. component 
replacement and labor costs, damaged stock, damaged MHE, accidents and 
incidents) and indirect costs (e.g. reduced storage capacity, administration costs, 
employee absence, Iftigation, increased insurance premiums, adverse publicity 
and overall disruption of business). 

One type of known column protector comprises a metal shield which is 
bolted to the, typically concrete, floor at the base of a column, and shields the 
column from impact by transmitting the impact force down through the floor, and 
having an air gap between the metal shield and the column. However, such 
column protectors require penetrating expansion bolts, which compromise the 
integrity of the concrete floor, and over time are subject to degrading or working 
loose. Further, on impact, they are prone to buckling and bending, or the bolts 
are ripped out of the concrete when subject to impact from a vehicle or MHE, 
They are also time consuming to replace when damaged, and replacement can 
be made more difficuit where the bolts have sheared or bent, or have damaged 
the concrete floor. Replacement of a single protector can take up to 25 minutes. 
Examples of such protectors are found in US 5,369,925. 

Another type of column protector comprises a single piece moulded plastics 
shroud, having a flat outer face and straight side portions connected by rounded 
portions so as to fomi a substantially "U" shaped single piece member which 
protects one side of a column post. Such protectors are fitted around a column by 
tensioned wire straps or bands and protect one side of the column. Where all 
round protection of the column or post is required, two such protectors can be 
fitted back to back around the post, and retained by longer wire straps or bands. 
However, this type of protector is bulky because it relies on a single moulded 
piece to absorb all impact forces, and therefore that moulded piece has to be 
relatively thick. This means that racks need to be spaced further apart to allow 
access for vehicles and mechanical handling equipment Additionally, removal of 
the protectors for inspection of the column requires cutting of the straps and 
fitting new straps. With this type of known protector, serious damage to a column 
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after an impact can go undetected because removal of the protector is not easy. 
An example of this type of impact protector is disclosed in US 6,242,070. 

Another type of known column protector comprises a rigid square or 
rectangular outer shell, a first and resilient inner lining, and a second resilient 
inner lining intermediate between the outer shell and the first inner lining. The 
inner lining wraps around a column, and closely fits the column. They are 
attached to the column by means of ties or straps b^een the free edges of the 
outer shell at the rear of the protector. The outer and inner shells are shaped to 
be rectangular or square, fitting around the substantially rectangular outward 
facing portions of the columns. Such column protectors are inefficient at 
dissipated impact forces due to tiieir shape, having outer surfaces which lie 
parallel to the surfaces of the underlying columns, and act to transfer impact 
forces undefiected, in a directbn direcBy to the underlying columns. They also 
suffer from the problem of splitting at their edges when subjected to impact. 
Additionally, their removal and replacement generally requires tools and new 
wires, ties or straps to attach the protector to the racldng column upright, which in 
tums dissuades inspection of the parts of tiie column which are hidden from view 
by tiie protectors. Significant damage to the hidden parts of the columns can go 
undetected. 

Summary of the Invention 

One object of emtx^diments disclosed herein is to prevent or reduce the 
likelihood of damage to racking uprights. 

Another object of the embodiments disclosed herein is to mitigate actual 
damage to racking uprights to tiie lowest levels so far as is reasonably 
practicable. 



The pallet racking upright protection device according to a specific 
embodiment disclosed herein seff attaches to tiie front and lateral sides of an 
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aisle fadng rack upright. The composite protection device constitutes two or 
more major components. An outer component is made from a resilient 
elastomeric polymer based material that is semi tubular in shape. This outer 
component serves to deflect and diffuse kinetic energy of motion so as to prevent 
or minimise impact damage to the upright and the frame's components therein. 
An intemal component of the protection device is made from a relatively less 
dense elastomeric material. This intemal component is synergistic in fonn and 
function to the external component, and sen/es to receive and absorb and further 
diffuse the kinetic energy of motion from impacts and to promote the 
repositioning of the whole device to a position similar to before the impact 
occurrence. 

According to a first aspect of the present invention, there is provided a 
column protector device for protection of an upright column of a racking system, 
said device comprising: 

an outer shell; and 

an inner liner shaped to fit within said outer shell; 

wherein said outer shell is configured to fit around a said upright column, 
such that the outer shell retains to said column in a self attaching without he need 
for any additional fixings, and such that, in use, said inner liner is retained 
between said outer shell and said column. 

Preferably, said column protector device is configured to attach to the front 
and lateral sides of an aisle facing rack upright. 

Preferably said outer shell comprises an elongate member having a 
substantially "C shaped cross section. 
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Preferably said outer shell comprises a substantially part cylindrical pariial 

tube. 

Preferably, said outer shell comprises a tubular part cylindrical member 
having a pair of substantially parallel opposing edges, either side of a gap in said 
part cylindrical member. 

Said part cylindrical member may extend over an angle in the range 260** 
to 280^ about a longitudinal centre line of said outer shell. 

Said outer shell has a height in the range 30cm to 120cm. 

Said outer shell outer shell may have an external diameter in the range 
10cm to 14 cm. 

Said outer shell may have a wall thickness in the range 7mm to 9mm. 

Said outer shell may have a distance between opposing longrtudinal 
edges in the range 5cm to 1 1 cm. 

Said outer shell may comprise a chamfered edge positioned at an end of 
the shell, between an upper face of the outer shell and an inner surface of the 
shell. 

Said outer shell may be made from a resilient elastomeric polymer based 
material. 

At least one material of the outer shell may be selected from the set: 
Polyethylene; Polypropylene; Polycarbonate; Polyvinylchloride; Polystyrene 
plastic; or a mixture of plastics. 

Said outer shell may be made from a high density polyethylene material. 



wo 2005/103389 



WO 2005/103389 



PCT/GB2005/001493 



Page 10 of 56 



"8- 

Preferably said inner liner comprises a part - cylindrical member. 

Preferably, said inner liner comprises a substantially solid part - cylindrical 
member having a substantially part cylindrical outer surface, and a substantially 
"U" shaped channel formed on an opposite side of said liner to said substantially 
cylindrical outer surface. 

Said inner liner may comprise an elastomeric material which is relatively 
less dense than a material of said outer shell. 

Said inner liner may comprise a material selected form the set- 
Polyethylene; Polypropylene; PolycariDonate; Polyvinylchloride; Polystyrene; 
natural rubber foam; synthetic rubber foam; a compressive composite material. 

Said Inner liner may comprise a closed cell SBR foam material. 

Preferably, said inner liner has a height In the range 30cm to 120cm. 

Preferably, said inner liner has an extemal diameter in the range 10cm to 

14 cm. 

Said inner liner may have a "U" shaped channel of width in the range 7cm 
to 12cm. 

Said inner liner may have a "U" shaped channel of depth in the range 2cm 
to 4cm. 

Said inner liner may have a ''U" shaped channel, and wherein a maximum 
distance of an outer surface of the "U" shaped channel to the outer part 
cylindrical surface is in the range 2cm to 5cm. 
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Preferably, said inner liner is configured such that, after receiving an 
impact, the inner liner promotes the repositioning of the whole device to a 
position similar to a position of the device before an impact occunred. 

Preferably, said outer shell, when fitted to an upright column, having a 
front member and first and second side members, surrounds the front member, 
and partially sun^ounds first and second side members thereby protecting the 
front member and parts of the side members from direct impact and partially 
sunrounds each of the first and second side members, and said outer shell also 
suHDunds said inner liner, which resides, in use between a sut^tantially part 
cylindrical inner surface of the outer shell, and an outer face of the front member, 
an outer face of the first side member and an outer face of the second side 
member . 

In some embodiments, said inner liner and said outer shell may be 
slideable with respect to each other in a direction along a main central axis of 
said outer shell. 

In other embodiments, said inner liner is bonded to an inner surface of the 
outer shell , such that the inner liner is foced relative to the outer shell and cannot 
slide relative to the outer shell. 

The column protector device may further comprise a polycarbonate outer 
sheath which fits outside the outer shell and which is selected such that rt shall 
only fail to crack propagation from forces that would exceed the device's 
maximum designed impact tolerance. 

The column protector device may further comprise a polycartxjnate insert 
member which is capable of being inserted between the device and the front 
face of the column upright and which is capable of toeing slid out from such 
position for removal and capable of being re-inserted, for visual inspection 
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purposes \Artthout the need to remove the outer shell or inner liner fomn the 
column upright 

Acxording to a second aspect, there is provided a column protector device 
for protection of an upright column of a racking system, said device comprising: 

a substantially part cylindrical tubular outer shell; and 

an inner liner shaped to fit within said outer shell. 

According to a third aspect there Is provided an upright column protector 
device comprising: 

an assembly of elastomeric synthetic compound components that partially 
encapsulate the principal elements of the vertical sections of a metal pallet rack 
for the purpose of preventing impact damage caused to the pallet rack by 
mechanical handling equipment 

Preferably, the ,assembly of multilateral, semi tubular, components has 
greater ductility, impact resilience and persistence of shape than that of the metal 
rack component it is attached to. 

Preferably, the assembly of components does not essentially concomitant 
an integrated or independent fastening or securing mechanism or mechanisms or 
bonding agent wrth which to be fixed to a pallet rack. 

Preferably, there is an extemal component that is semi tubular in shape and 
is manufactured from, a material selected from: Polyethylene, Polypropylene, 
Polycarbonate, Polyvinylchloride or Polystyrene plastic; or a mixture of plastics. 
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Preferably, there is an internal component that is synergistic in form and 
function to that of the external component and is manufactured from a material 
selected from: Polyethylene, Polypropylene, Polycarbonate, Polyvinylchloride or 
Polystyrene, natural or synthetic rubber foams or compressive composite 
materials. 

Other aspects are as recited in the claims herein. 
Brief Description of the Drawings 

For a better understanding of the invention and to show how the same may 
be earned into effect, there will now be described by way of example only, 
specific embodiments, methods and processes according to the present 
invention with reference to the accompanying drawings in which: 

Figure 1 shows schematically in perspective view, one bay of a known pallet 
racking system; 

Figure 2 shows schematically in perspective view from above, first and 
second rows of bays, each row comprising a pair of racking bays; 

Figure 3 shows In perspective view a column protector device according to 
a first specific embodiment; 

Figure 4 shows in perspective view, from the rear, an outer shell comprising 
the column protector device of Fig. 3; 

Figure 5 shows in perspective view, from the rear, an inner shell comprising 
the column protector device of Fig. 3; 

Figure 6 shows in cut away view from above, the column protector device of 
Fig.3 in situ fitted to a column of a racking system; 
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Figure 7 shows schematically in view from above, the column protector 
device of Fig. 3 fitted to an upright column of a racking system; 

Figure 8 shows schematically in perspective view from above, a single bay 
of adjustable pallet racking, fitted with two column protector devices as shown in 
Fig. 3 herein; 

Figure 9 shows schematically an Inner liner of the column protector device 
of Fig^ 3 fitted to a column, without the outer shell; 

Figure 10 shows schematically the column protector device of Fig.3 In situ 
fitted to a column and fllustrating movement of the outer shell of the device 
relative to the Inner liner, when and movement of the outer shell for fitment to and 
removal from the column, and for column inspection; 

Figure 1 1 illustrates schematically in cut away view from above, absorption 
and dispersion of impact forces incident on a column protector device fitted to a 
column upright of a racking system; and 

Figure 12 shows a view of the column protector device fitted in - situ on a 
column, showing visibility of the interior of the column during visual inspection for 
column damage. 

Detailed Description 

There will now be described by way of example a specific mode 
contemplated by the inventors. In the following description numerous specific 
details are set forth in order to provide a thorough understanding. It will be 
apparent however, to one skilled in the art, that the present invention may be 
practiced without limitation to these specific details. In other instances, well 
known methods and structures have not been described in detail so as not to 
unnecessarily obscure the description. 
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An embcxliment of an upright cxDiumn protector below according to the 
current invention is illustrated in the accompanying drawings. 

Referring to Fig 3 herein, there is illustrated schematically a column 
protector device according to a first specific embodiment of the present invention. 
The column protector device comprises an elongate tubular outer shell 300 of a 
substantially part cylindrical shape, having in cross section, a substantially "C" 
shape; and, an inner liner 301 which fits inside the outer shell, and in use fits 
between the outer shell and a column upright of a racking system, which the 
column protector device attaches to 

In the first specific embodiment, the outer shell 300 is slideable with respect 
to the inner liner 301 in a direction along a main length of the outer shell, which is 
also substantially parallel to a main length of the inner liner. Preferably, the inner 
liner has a main length dimension less than or equal to a main length of the outer 
shell 300, so that. In use, the outer shell 300 extends slightly beyond the inner 
liner 301 . In the general case, the outer shell 300 \s intended to protect the inner 
liner 301 against direct impact from mechanical handling equipment, vehicles or 
the like. Any impart from extemal sources, in general will not penetrate the outer 
shell 300. However, the outer shell in general will transfer force of impact to the 
inner liner 301, which acts to absorb and diffuse the energy resulting from any 
impact incident on the outer shell, by spreading that energy and force over a 
relatively large area. 

In the first specific embodiment, the outer shell is slideable with respect to 
the inner liner, so that the outer shell can be slid upwardly when grasped by a 
person, allowing for visual inspection of the inner liner and/or the racking upright 
to which the device is fitted, without having to remove the whole device. 
Consequently, routine visual checking for damage of the uprights along a row of 
bays can be achieved quickly by a single person. 
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Refemng to Fig 4 herein there is illustrated schematically in perspective 
view the outer shell 300. The outer shell comprises a substantially cylindrical 
tubular member 400 having a smooth substantially cylindrical outer surface 401 
extending between a first end 402 and a second end 403; a smooth substantially 
cylindrical inner surface 404 arranged concentrically with the outer surfece 401 , 
thereby forming a substantially cylindrical wall of a substantially shaped cross 
section, in the fomi of a tubular cylindrical pipe having a section of its outer wall 
removed. 

Typically, the outer shell may be fomied firom a hollow semi tubular 
substantially cylindrical pipe, of which part of the outer wall has been removed 
along the whole length of the pipe, such that the outer shell fonms a channel 
having first and second peripheral suri'aces 405, 406 extending between the first 
and second ends and running along a whole of the length of the outer shell, and 
which oppose each other across a gap. Typically, the wall may extend over an 
angle in the range 260^ to 280^ about a longitudinal centre line of said outer 
shell, with a gap in the wall extending over the remaining 100° to 80° of a 
complete circle. First and second longitudinally extending surfaces 405, 406 In 
the embodiments shown are substantially parallel to each other, but in other 
embodiments, the surfaces may extend substantially radially from a center point 
of the tubular member center line of the substantially tubular outer shell. 

At first end 402, there may be provided a chamfered edge 407 between 
upper face 408 of the outer shell and the inner surface 404, to facilitate sliding of 
the inner liner with respect to the outer shell form a position form above the outer 
shell, and vice versa, to facilitate sliding of the outer shell with respect of the inner 
liner. Similariy, an equivalent lower chamfered edge may be provided at the 
second end 403 between a lower face of the outer shell and the inner surface 
404, so that the outer shell is symmetrical, and can be tumed upside down with 
equivalent effect. The lower chamfered edge may assist in preventing snagging 
of the lower end of the outer shell on the inner liner as the outer shell is slid over 
the inner liner in a direction from above the inner liner. 
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The outer shell is preferably formed from a ballistics grade High Density 
Polyethylene (HOPE) material. Such materials have high resistance to impact at 
temperatures In the range above 5°C, and have good impact resistance 
properties at temperatures in the range 5°C down to -40°C. The outer shell may 
be colored In a high visibility color such as bright yellow, bright redorange, or 
green. 

Referring to Fig 5 herein, there is illustrated schematically In perspective 
view from above, the inner liner 301. 

The inner liner comprises a elongate solid body 500 having an outer surface 
comprising a substantially cylindrical portion 501, and a substantially "U" shaped 
channel portion 502, the substantially "U" shaped channel 502 residing within part 
of the substantially cylindrical shaped outer portion to provide first and second 
wall portions, 503, 504 respectively which face opposite each otfier. The "U" 
shaped channel comprises a substantially planar surface 506, which extends 
across between opposite posftions of the substantially part cylindrical outer 
surface 501 , and arranged transversely to the planar channel surface, a first 
substantially flat planar wall surface 506 facing inwardly towards the center of the 
cylinder, and a second substantially flat planar wall surface 407 facing opposite 
tiie first wall surface. The two planar wall surfaces oppose each other and are 
separated from each other by a widtii distance of the planer channel surface. 

Without limrtation to the general range of shapes and sizes of the outer 
shell, in various embodiments the outer shell may have dimensions as follows: 

Height in the range 30cm to 120cm, and preferably in the range 55cm to 
65cm. 

Extemal diameter in the range 10cm to 14 cm. with prefen^d embodiments 
having an extemal shell diameter in ttie range 10.3cm to 1 1cm. 
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Wall thickness in the range 7mm to 9mm. 

Distance between opposing longitudinal surfaces 405, 406 in the range 5cm 
to 11cm. 

Without limitation to the general range of shapes and sizes of the inner 
liner, in various embodiments the inner liner may have dimensions as follows: 

Height in the range 30cm to 120cm. 

Extemal diameter in the range 10cm to 14 cm. 

Width of the "U" channel in the range 7cm to 12cm. 

Depth of the "U" channel in the range 2cm to 4cm. 

Maximum distance of the outer surface of the "U" shaped channel to the 
outer part cylindrical surface of 2cm to 5cm. 

The skilled person will appreciate that particular sets of dimensions have 
advantages for fitting to particular sizes of pallet racking uprights. In particular, 
embodiments having sets of dimensions as follows have been found to be 
particulariy advantageous: 

First embodiment: 

Outer shell: Height: 59cm 5mm. 

Diameter 1 0,7cm 2mm 

Wall thickness: 7mm 1 .5mm 

Cut away angle: 85^ 5° 

Circumference around outer shell between longitudinal 

edges: 27.3cm 5mm 



wo 2005/103389 



WO 2005/103389 



PCT/GB2005/001493 



Page 19 of 56 



-17- 



Inner liner Height: 59cm 5nnm. 

Diameter 9cm ^- 1 mm 

"U" channel width: 7.8cm *-2mm 

"U" channel depth: 2.6cm *-2mm 

Max. distance "U" channel surface to outer surface: 

3.6cm *- 2mm 



Second embodiment: 

Outer shell: Height: 60cm 6mm. 

Diameter 1 2.5cm 2mm 

Wall thickness: 8mm 0.5mm 

Cut away angle: 90° 5° 

Circumference around outer shell between longitudinal 

edges: 28,8cm *- 5mm 



Inner liner Height: 59cm 5mm. 

Diameter 10.6cm 1mm 

"U" channel width: 9.0cm *-5mm 

"U" channel depth: 1.4cm *-7mm 

Max. distance "U" channel surface to outer surface: 

3.0cm 4mm 



Referring to Fig 6 herein, there is illustrated schematically in cut away 
cross section from above, a column post 600 of a racking system, having the 
column protector device installed. The known post comprises an elongate metal 
member 600 which is channel shaped in cross section, and presenting a 
substantially rectangular front aspect, the member comprising a front member 
601 ; a first outer side member 602 connected to the front member 601 at one 
edge thereof and extending laterally from the front member; a first inner side 
member 603 disposed inwardly of the first outer side member 602, and extending 
approximately parallel thereto, and transverse to a main plane of the front 
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member; a first connecting side member 604, connecting the first outer side 
member and the first inner side member, and extending in a plane transverse to 
a main plane of the front member, transverse a main plane of the first outer side 
member, transverse to a main plane of the first inner side member; and a first lip 
member 605 extending from one edge of the first Inner side member and 
extending in a plane approximately parallel to the main plane of the front 
member; a second outer side member 606 connected to an opposite edge of the 
front member 601 to the first outer side member, and extending laterally from the 
front member; a second inner side member 607 disposed inwardly of the second 
outer side member 606, and extending approximately parallel thereto, and 
transverse to a main plane of the front member; a second, connecting side 
member 608, connecting the second outer side member and the second inner 
side member, and extending in a plane transverse to a main plane of the front 
member, transverse a main plane of the second outer side meml>er, transverse 
to a main plane of the second inner side member, and a second lip member 609 
extending from one edge of the second inner side member, opposite to an edge 
where the second inner side member connects with the second connecting 
member, and extending in a plane approximately parallel to the main plane of 
the front member. 

The outer shell 300, when fitted to the column, surrounds the front 
member 601 . the first and second outer side members 602, 606 and the first and 
second connecting members 604, 607, thereby protecting them from direct 
impact with vehicles, MHE and the like, and partially surrounds each of the first 
and second inner side members 603,608. The outer shell also surrounds the 
inner liner 301, which resides, in use between the substantially cylindrical Inner 
surface of the outer shell 300 and an outer face of the front member 601 , an 
outer face of the first outer side member 602 and an outer face of the second 
outer side member 606. 

The pallet racking protection device directly encapsulates the external 
frontage and lateral sides of an aisle facing frame upright The device does not 



wo 200 5/ 103389 



Page 21 of 56 



WO 2005/103389 PCT/GB2005/001493 

-19- 

necessarily require any additional fastening devices to secure it in place due to 
the innate elastomeric properties of the material is manufactured from. Rather, 
the column protector device simply 'clips' onto a column upright, and can be 
installed In less than 10 seconds, by a person with having only a small amount of 
practice at fitting the column protector, and without the need for any separate 
fixings or fasteners. After an impact event occurs, the elastomeric construction of 
the polymer materials revert to their equilibrium configurations and thus the 
device retums to its original dimensions. 

Without this device, the kinetic energy motion is concentrated within a 
relatively small area on the upright instantaneously. Therefore, a very large 
dynamic force Is transmitted from the MHE to the upright. This acute change in 
velocity and exchange of impact energy exceeds the structural tolerances of the 
racking causing damage and increased hazards and risks associated vWth 
collapsing weight bearing structures. 

The outer shell 300 acts as an external 'shock deflector* component. 
Preferably, the outer shell 300 is manufactured from, but not necessarily, a 
polymer based material, preferably high density polyethylene. FurUier, the outer 
shell component is of such dimensions and mass so as to veer and drffuse 
kinetic energy of motion it receives away and around the upright it is attached to. 
Additionally, it is manufactured in such a fonm so as to posses a very strong 
intemal cross linked polymer composition that enhances its impact deflecting and 
shock diffusing properties. The semi tubular shape together with the innate 
properties of tubular extruded high density polyethylene gives this outer 
component a low friction coefficient surface with high density properties. This 
shape also accommodates the propagation of shock forces internally along its 
curved structure away and toward the rear of the upright into the ambient 
atmosphere. This 'curving' of the component also increases the length of the 
penetration path by 1/sin of the sloping angle to any off center impacts. The 
simultaneous deflecting and diffusing action will greatiy reduce the impact forces 
from being toransmitted to the vulnerable front and lateral faces of the rack upright. 
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Further, the external 'deflector' is of such dimension that it also offers deflecting 
protection to the rear of the upright from loads being removed from the racking 
thus mitigating the probability of the uptight receiving twisting defomiation within 
its own axis. 

The inner liner 301 acts as an internal 'shocl^ isolator* component The 
inner liner, of the device is of such a shape and fomn so as to provide a flush 
interface between the internal profile of the inner liner component 301 and 
various types of extemal profiles of different manufacturing types of racking 
uprights. The inner liner component encapsulates the front face and portions of 
the lateral sides of the upright. This component is manufactured from, but not 
necessarily, closed cell SBR foam. The shape, mass, density and internal 
structure of the shock isolator has such properties so as to induce inertia and an 
exaggerated path to shock forces. The inner liner receives residual kinetic 
energy of motion from the outer shell component, momentarily stores tiiis energy 
and releases ft over a relatively longer period of time and over a relatively larger 
intemal surface area in all ambient directions. A proportion of this energy is 
rebounded back through the outer shell away from the racking. This whole 
process will eliminate or conduct a smaller dynamic force from reaching the 
upright that will then be within the safe impact threshold of the upright and 
avoiding residual damage to the racking components and goods stored therein. 

Referring to Fig. 7 herein there is shown schematically in view from above, 
the column protector device of Fig. 3 fitted to an upright column of a racking 
system; 

Referring to Fig. 8 herein, there is illustrated schematically a single bay of a 
racking system fitted with two protector devices according to a specific 
embodiment herein. The racking frame consisting of a plurality of uprights 800, 
each having a standard footplate 801 and a plurality of diagonal cross bracings 
802, and a plurality of horizontal cross bracings 803. The racking bay is fixed to 
floor with mechanical anchor bolt fixings through the footplates. 
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Referring to Fig 9 herein, there is illustrated schematically a first stage of 
fitting the first specific embodiment of the column protector device to an upright 
column 900 of a racking system. Inner liner 301 is placed adjacent the upright 
900 so that it rests against the upright, in loose contact with and abutting the 
upright column. The inner liner is designed for fitting around a first, outer front 
face 901 of the column, and to fit partially around a first lateral outer face 902 and 
a second lateral outer face 903 of the column, and may contact the outer front 
face and the first and second lateral faces. 

Refemng to Fig. 10 herein, the outer shell 300 is then frtted over and around 
the column 300, at a position on the column above the inner liner, and then is slid 
down over the inner liner, so that the outer shell locates to partially enclose the 
column, as shown in Fig 5 herein. The outer shell has a degree of flexibility such 
that it can be forced over the relatively wider part of the column upright, so that 
the column resides within the channel formed by the outer shell, and the 
peripheral edges 405, 406 lie adjacent the lateral sides of the column at a 
position where the column is relatively narrower. 

Alternatively, the outer shell may be frtted to the column first, before the 
inner liner. In this method of frtment, the outer shell is slid around the wider outer 
facing part of the column, and forced over the wider part to a position in which the 
outer shell partially encloses the column, but without the inner liner interposed 
between the outer shell and the column. The inner liner is then slid down into the 
space between the inside of the outer shell and the front face of the column. The 
inner liner has sufficient defonmability to be squeezed between the outer shell 
and the column, and has sufficient resilience to resume or approximately resume 
its normal uncompressed shape once in situ between the outer shell and the 
column. 



wo 2005/103389 



Page 24 of 56 



WO 2005/103389 PCT/GB2005/001493 

-22- 

The gap is wide enough to fit over a rack upright, so that the outer shell can 
be maneuvered over the inner liner placed adjacent and abutting the upright, and 
around the metal rack upright to locate with the surfaces 405, 406 adjacent the 
sides of the rack upright. 

Figure 1 1 shows a distinct advantage of the curved shape of the protection 
device. Off center Impact forces 1100 to the external outer shell component 
1101 are subjected to an increased length of penetration 1102, thus offering an 
increased impact resistance by shear design. 

The impact force, shown here as a vector 1 103 comprises a first component 
1104 in a direction normal to the front face of the column, and a second 
component 1 105 in a direction parallel to the front face of the column. The energy 
of ttie impact is dissipated in the material of tiie outer shell and inner liner over a 
relatively longer distance a in the material of the inner liner and outer shell than is 
the case with a known prior art impad protector having a substantially square or 
rectangular shape, and an outer liner having a face parallel to the front of the 
column. 

Further, for an impact In a direction 1106 approximately normal to the front 
face of the column, the impact may be deflected by the round shape of the 
substantially part cylindrical outer shell, so that the vehicle or other machinery 
which collides with the column protector is more likely to be deflected away form 
the column and slide off the column protector. 

In a second specific embodiment, the inner liner is bonded to an inner 
surface of the outer shell, such that the inner liner is fixed relative to the outer 
shell and cannot slide relative to the outer shell. 
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Modes of impact protection 

The embodiments may provide protection for pallet racking by three 
separate modes, of (1) detection by humans of uprights; (2) deflection of impact 
forces, and (3) diffusion of impact energy. 

Detection: In the first instance, impacts are avoided due to the conspicuous 
nature of the protector device, parSculariy where the embodiments are brightly 
colored. The protruding cylindrical outer shell is highly visible in a racking 
installation. Whilst an operator of an MHE is concentrating on loads at height, the 
device enhances its presence in the operators peripheral filed of vision. 

Deflection: The external outer shell component, which is preferably made 
form ballistics grade high density polyethylene in some embodiments, has a low 
coefficient of friction, which combined with the shell's curved shape results in 
good perfomnance at deflecting machinery. The polyethylene has a 'persistence 
of shape' which means that after impact, it has the ability to retum to its original 
shape. The deflection property greatiy reduces the impact forces form being 
transmitted to the vulnerable front and lateral portions of the column upright. 

Diffusion: The inner liner is of such a shape and form that it provides a flush 
interface between the internal profile of its substantially "U" shaped channel and 
the various types of extemal rectangular profiles of known racking upright 
columns of different manufacturers. The inner liner occupies the space between 
the wall of the outer shell, and the column, with a shock absorbing and energy 
diffusing material, which encapsulated the front face and lateral side portions of 
the column. In emt>odiments where closed cell polyethylene foam is used for the 
inner liner, this is a very tough and durable material. The shape, mass and 
internal structure of the inner liner induces inertia and presents an exaggerated 
path to shock forces. 
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Visual inspection for damage 

Periodically, the racking may be Inspected for impact damage to prevent 
accidental collapse and Ibr routine maintenance purposes. The specific 
embodiments herein may allow for quick and efficient visual inspection of the 
columns in the following ways: 

Firstly, since the device does not fully encircle the column to which "it is 
attached, the rear inner surfaces of the front member 601 , first and second outer 
side memt)ers 602, 606 and first and second inner side members 603, 608 can 
be viewed form the rear of the column for dents or cracks, without the need to 
touch the device and with the device remaining in situ in position on the column. 

Referring to Fig. 12 herein, there is illustrated schematically a view from the 
rear of an embodiment of a column protector device fitted to a column. The inside 
of the column is viewable from behind, enabling visual inspection for damage of 
the inside of the column to be cam'ed out, without removing the protector device 
form the column. 

Secondly, for a more detailed inspection, the device can be removed within 
around 10 seconds by a person without the need for special tools, and can be re- 
fitted an about the same amount of time, again without the need for special tools. 

Thirdly in a modification of the device, a polycarbonate member in the form 
of an outer cover which fits over the outside of the outer shell, or in the form of an 
elongate strip which slides down between the front member of the rack upright 
and the inner liner can be provided. The polycarbonate strip serves the purpose 
of detecting impacts which exceed the design impact for which the column 
protector can safely absorb energy without the need to replace a column, or the 
polycarbonate member can be selected to detect impacts of an energy which will 
not significantly damage the column, but may require replacement of the column 
protector device after having absori^ed such an impact. The polycarbonate 
memt>er can be inspected for cracks or other damage which indicates that 
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column replacement or column protector replacement Is necessary, and such 
inspection can be achieved either by direct visual inspection of the polycarbonate 
outer cover, without the need to remove the column protector from its column, or 
where provided as a strip, by sliding the polycarbonate strip from between the 
Inner liner and the column for visual inspection, again, without the need to 
remove the column protector from the column. 

Advantages of the Embodiments 

The embodiments of the impact protector are designed to absorb and 
dissipate the shock of a blow. The potentially destructive kinetic energy of motion 
is spread over as large an area as possible and as long a distance as possible 
thus diluting and deflecting concentrated forces that would lead to structural 
failure. 

The ergonomic shape of the whole device allows it to be applicable to 
various types of different racking upright profiles for a universal accommodation 
of the embodiments. Whilst the end user may change his or her make of 
racking, the expense of also changing the upright protector will be avoided witii 
using the current embodiments. 

Further, the design of the current embodiments proactively accommodates 
occupational ergonomic considerations with regards to manual handling. It is 
lightweight, easy to install, has no sharp profiles and does not necessarily require 
any additional fastenings or anchor balls in order to be installed. 

The column protector ensures the stability of pallet racking in a given 
direction that it is directiy proportional to the horizontal distance of the center of 
gravity from that edge of the base toward the given direction of movement. 

The extemal shape of the column protector device aims to ensure that the 
coefficient of friction is independent of the area of contact between the impacting 
load and the pallet racking thus reducing the likelihood of Impact damage. 
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For every action there is always an equal and contrary reaction, whilst the 
majority of the kinetic energy of motion is dispatched throughout the device, a 
portion of the kinetic energy is transmitted back to the lx)dy which initiated the 
impact forces, thereby, reducing the destructive kinetic energy of motion 
transmitted to the pallet racking upright. 

The low profile of the device is such that once attached to the rack upright, 
the device does not prohibitively encroach or reduce the required safe operating 
clearance dimensions of the racking system. During field research, it was 
identified that all other known rack upright protectors detrimentally reduced 
required clearances, interfered with the loading and alighting of loads and in 
many instances became an instrument which caused damage to the rack upright, 
pallets, palletised stock, MHE and the floor. 

The materials used to manufacture the cunrent emtx)diments have such 
innate properties so as to offer persistence of shape. Therefore, in the likely 
event that an impact does occur, the device has the ability to recover its original 
protective shape. All other known rack upright protectors do not have this ability. 

Further, the current embodiments is manufactured with a material that is 
fully recyclable, non con^odable, is chemically resistant does not hart^our the 
capacity for bacterial growth, does not and in fact prevents the occurrence of 
impact ignition sparks in flammable atmosphere and does not accommodate 
moisture retention. In preventing, the paint work of the rack upright from being 
degraded or scratched, the device prevents the likelihood of the rack upright and 
IVIHE from rust and con-osion. 

Due to the flexible and closing properties of the tubular profile, the current 
embodiments grasps the rack upright it protects thus negating the need to drill 
and fix mechanical or chemical floor fixing bolts or devices. Therefore, the 
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important integrity of the floor foundation the rack is built upon is not 
compromised as well as avoiding costly installation and maintenance. 

In addition to these potential installation difficulties, the device is designed to 
fail to safety in the unlikely event that it is snagged by MHE and will release itself 
from tiie rack upright before twisting defomiation of the rack upright occurs. 

The specific embodiments herein are not necessarily restricted for the use 
of pallet rack impact protection. The inventor realises tiiat it can be applied to 
any orientation of any column or structure that would benefit from impact 
protection. 

It is acknowledged by the inventor that whilst the impact protector is in 
position, visual safety inspections of the rack upright will entail sliding the device 
up and then back down. Whilst this task may be relatively easy, an additional 
feature to the embodiments may be developed once the impact performance of 
the device is established by an independent impact testing authority. The 
additional feature comprises a polycarbonate outer sheath to the device that shall 
only fail to crack propagation from forces that would exceed the devices impact 
tolerance. Alternatively, a similar polycartDonate insert that could be inserted 
between the device and tiie front face of the rack that could then be easily 
removed and re-inserted for visual inspection purposes. 
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In various embodiments, the technical specifications for an outer shell and an 
inner liner may be selected from the ranges as follows. 

Parameters which are particularly important include elastic modulus; Poissons 
ratio and yield strength. 

OUTER SHELL 

Elastic Modulus: Modulus of Elasticity (Young modulus), 

400-1000 N/mm^. 

Poisson's Ratio: Poisson's Ratio = 0.35 for short-term loading. 

Temperature: T - °C 

Deformation modulus Es - klM/m2 
Poisson ratio n 
Tensile & compressive strength 
ft&fc-kN/m^ 



Yield Strength 



Property 


Test method 


SI units 


English units 


Tensile strength 
@ ultimate 


D638 


35,1 MPa 


5,100 psi 


Tensile strength 
@ ultimate 


D638 


24.8 MPa 


3,600 psi 
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Generic properties 



Property 


Test method 


SI units 


English units 


Density, natural 


D1505 


0.949 gm/cc 




Density, black 


D1505 


0,960 gm/cc 




IVIelt index (109°C/ 
21.6 kg) 


D1238 


0.08 gm/IOmin. 




Flow rate (109°C/ 
21.6 kg) 


D1238 


7.5 gm/ 10min 




Ultimate 
Elongation 


D638 


>800% 


>800% 


Flexural Modulus 


D790 


1 .034 MPa 


150 000 DSi 


2% secant 
environmental 
stress crack 
resistance FO, 
condition C 


D1639 






Pent 


F1473 


>3,000 hrs. 


>3000 lirs. 


Brittleness 
temperature 


D746 


<-117°C 


<180°F 


Hardness, Shore 


D D 2240 


64 


64 


Izod impact 
strength (notched) 


D256 


0.42 KJ/m 


8 ft-lbf/in 


Vicat softening 
temperature 


D1525 


^24°C 


255°F 


Volume resistivity 


D991 


>1015ohm-cm 




Thermal 
expansion 

coefficient 


D6g6 


2x10^cm/cm/°C 


1.0x10-*in/in/°F 
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INNER LINER 

In one embodiment the inner liner component comprises of a closed cell, 
crossed-linked polyethylene foam, physically blown using nitrogen. 
Characteristics which have been found to be parHculariy suitable are as 
follow. 

Poissons Ratio: 0.4 

Flexural Modulus: 0.7 MPa 

Tensile Strength: 250kPa 

Nominal Density: 29 kg/m^ 

Tear Strength: 505 N/m 

Elongation at break: 95% 

Shore hardness 00 scale: 43 

Compression Stress strain characteristics: 
25% compression 35 kPa 

40% compression 65 kPa 

50% compression 100 kPa 

60% compression 1 50 kPa 

Compression set: 

72 hrs 50% compression 23°C, 1/2 hr recovery 32% 
48hrs 20% compression 23°C, 1/2 hr recovery 8% 



Physical properties: 
i) Density Test Method: ISO 845 
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BS4443 Part 1, Method 2 
DIN 53420 1978 

Densities are measured with process skins unless othen/Wse stated. 

ii) Cell Size Test Method: Internal, using a low power microscope with 
measuring system- Mean cell sizes are given in Table 1, together with 
maximum and minimum values of mean cell size (variation between sheets). 

lii) Colour A colour which is visually unifomi within the foam structure of a 
sheet, has been found particulariy suitable. However, minor variation may be 
found t)etween sheets, or occasionally in small regions of a centre split, due 
for instance to differences in cell size. 

iv) Fomiability Test Method: Internal, using a test mould having areas of 
different depth/width moulding ratios. Details of the test mould can be 
provided on request Products with nominal densities of 29 kg/mS or less and 
conductive or static dissipatfve grades are thermofomiable to a depth/width 
ratio 1/1.5 without losing structural integrity, e.g. by surface tearing. All other 
grades are thermoformable to a depth/width ratio of 1/1 . 

It will be appreciated by the skilled person that the above parameters and 
characteristics are by way of example only, and that for each parameter 
stated, variation of that parameter around the stated value may give 
acceptable perf'ormance. In particular, by stating the above parameters, the a 
applicant discloses that each of those parameters varied individually, and or 
two or more parameters varied together in any combination by plus or minus 
0% to 5% may also give acceptable and workable performance, and these 
ranges of variation are explicitly disclosed herein. 



